INTRODUCTION
The plant mitogens constitute a class of molecules that bind to specific cell surface receptors on lymphoid cells, inducing them to undergo blastogenesis and to synthesize DNA. Since the initial description of this phenomenon (1, 2) these agents have been widely used to study various aspects of the immune response, cell proliferation, and growth control mechanisms in vitro. Consequently an intense interest has been generated towards elucidating the precise mechanism of action of these interesting compounds (for reviews see references [3] [4] [5] . We now report that lymphocytes from human peripheral blood can be fractionated on nylon columns into subpopulations which differ in their responsiveness to the phytomitogen concanavalin A (Con-A).' The relationship between mitogen binding to cell surface receptors and activation of DNA synthesis has been investigated. 2 4 6 Days FIGURE 1 Timne cour-se of Con-A-induced DNA synltlhesis in filtered and unfiltered lymphocytes. Filtered and unfiltered cells were prepared and 2 x 106 cells were incubated with 12.5 ,ug Con-A per ml. On the days indicated cultures were pulse-labeled for 4 hr with 3 AtCi thymidine-3H. Cells were harvested as described, and the incorporation of radioactivity into acid-insoluble material was determined. *, filtered cells; 0 unfiltered cells. potent mitogeni and gave a single band on disc gel electrophoresis. Poke weed mitogen (PWM) was obtained from Grand Island Biological Co., Grand Island, N. Y. and was reconstituted according to the supplier's instructions. This company also supplied medium 199 in Earle's base and peniicillin-streptomycin solution (5000 U penicillin and 5000 ,ug streptomycin per ml). Sigma Chemical Company, St. Louis, Mo. was the source of a-methyl-D-glucoside, Ficoll (mol wt approximately 400,000), L-glutamine, and fluorescein isothiocyanate, isomer I. Pharmachem Corporation, Bethlehem, Pa. supplied dextran-grade H (mol wt approximately 180,000), and sodium diatrizoate (Hypaque sodium, 50%o v/v) was purchased from WN'inthrop Laboratories ,ug/ml Con-A, 15 Ag/ml E-PHA, or 0.01 ml/ml PWM. 3 ,uCi thymidine-methyl-3H were added to each culture for the final 4 hr and the uptake into DNA was determined as described. .7 cm column of nylon fibers (7.0 g) packed in a 50-ml syringe. Generally 100 X 10' cells suspended in 7 cc autologous serum were applied to the column which was then eluted with 100 ml medium 199. The lymphocytes which passed through the column (30-60% of those applied) are termed filtered cells.
METHODS Materials
It should be noted that the unfiltered population includes the filtered cells in addition to granulocytes and monocytes which adhere to nylon fibers.
Lymphocyte incubation stuidies. For incubations of greater than 12 hr duration, cells were suspended in medium coInsisting of medium 199 fortified with 20% autologous serum, 4 mM L-glutamine, penicillin 50 U/ml, and streptomycin 50 jg/ml. Where appropriate, serum was rendered f ree of complement by preheating at 56'C for 30 min. All cultures contained between 2 and 4 X 106 cells suspended in 2 ml of complete medium. 72-hr incubations were carried out in 16-X-125-mm plastic screw top tubes (Falcon) at 37'C in an atmosphere of 5% C02 and 95% air. The concentrations of the plant mitogens used were those deternrTined as optimal on the basis of dose-response curves using unfiltered cells (data not shown). These concentrations were: Con-A 12.5
,ug/ml; E-PHA 15 gg/ml; PWTM 0.01 ml/ml of media.
Cultures were pulse labeled with 3 ,MCi thymidine-methyl-3H (6.7 Ci/mNi) for the final 4 hr of incubation. Cells were harvested as previously described (7) Fluorescein-conjugated mitogens. Fluorescein-conjugated Con-A was prepared by a modification of the method reported by Tkacz, Cybulska, and Lampen (12) . Con-A, 11.9 mg, and 0.45 mg fluorescein isothiocyanate (FITC) were incubated in 1 ml 1 M NaCl at room temperature for 2 hr. The reaction mixture was then dialyzed overnight against 2 liters of 1 M NaCl at 4°C. Residual unconjugated FITC was removed by filtration through an 0.8-X-14 cm column packed with Biogel P-10 (Bio-Rad Laboratories, Richmond, Calif.) which was equilibrated with 0.9% NaCl. Fluoresceinconjugated E-PHA was prepared by a similar procedure. For studies of fluorescent mitogen binding to lymphocytes, 3.5 X 10' cells were incubated in 0.5 ml serum-free medium-199 with 40 ,g/ml fluorescein-conjugated Con-A or 30 ,ug/ ml fluorescein-conjugated E-PHA. When added to the incubation mixtures, the concentration of a-methyl glucose was 0.4 M. Incubation was carried out for 10 min in 12-ml conical glass tubes at 37°C in a 5%o CO2 atmosphere. Cells were washed, collected by centrifugation, then resuspended in 0.5 ml medium. Wet mounts were prepared and examined immediately under an American Optical series V20 Fluorestar microscope (American Optical Corp., Buffalo, N. Y.).
RESULTS
Fractionation of lymphocytes on nylon columns. The results of a representative experiment examining the mitogenic response of filtered and unfiltered lymphocytes to each of three plant mitogens, Con-A, E-PHA, and PWM are shown in Table I . In this experiment Con-A-stimulated DNA synthesis in unfiltered cells was 7-fold greater than that in the filtered subpopulation. Consistent results were obtained in each of 15 separate experiments using lymphocytes derived from 12 individuals. The results for all experiments show that Con-A induced 6.5-fold greater DNA synthesis in the unfiltered population than in the filtered population. Con-A-stimulated blast transformation was four-to fivefold greater in the unfiltered than in the filtered population. Values for percentages of lymphoblasts present at 72 hr in the unfiltered cell cultures ranged between 25 and 40%, whereas in the filtered cells the range was from 4 to 9%. Similar results were obtained when the unfiltered cells were passed through a nylon column which was 13.4 cm in length rather than the usual 6.7 cm. When the nylon column was only 3.3 cm long, the yield of lymphocytes was higher but the response of the filtered cells to Con-A was only slightly impaired. Both lymphocyte subpopulations responded maximally to Con-A on the 4th day of culture (Fig. 1 ) indicating that these results are not due to the two cell populations reaching their peak response at different times.
When the response of the two lymphocyte populations to other plant mitogens was examined, only small differences were observed. In the experiment in Table I the unfiltered to filtered response ratios for E-PHA and PWM were 1.47 and 1.14, respectively. The mean ratio (+SE) for E-PHA as determined from 13 separate experiments was 1.46±0.11, and the comparable figure for PWM determined from 6 experiments was 1.83±0.17. Using the Student's t distribution (13) , the Con-A unfiltered to filtered response ratio of 6.49±1.08 differs significantly from these values as calculated for E-PHA (P < 0.001) and for PWM (P < 0.025).
A portion of the cells adherent to the nylon could be removed by vigorous agitation of the fibers. With this technique only an additional 10% of the lymphocytes apl)lied to the column were removed. When these cells were cultured with Con-A, their mitogenic response was found to be intermediate between that of the filtered and unfiltered populations, (Table II) . Additional adherent cells could not be removed from the column despite elution with large volumes of medium (up to 1 liter), use of EDTA in various concentrations, or chilling to 4°C. Because of these difficulties encountered in removing adherent lymphocytes from the nylon fibers, it was not feasible to obtain these cells in sufficient quantity for our experiments. Furthermore, it is possible that these ad- lymphocytes (a lymphocyte yield of approximately 35%). By vigorous agitation of the fibers in a beaker of medium-199, 10 X 106 adherent cells were recovered from the fibers. These consisted of 92% lymphocytes. Cultures were set up at a concentration of 4 X 106 lymphocytes per 2 ml culture, and the uptake of thymidine-3H into DNA was determined as described. [ lE -PHAJ FIGURE 2 Bindinig of .1.1-labeled mitogens to filtered and unfiltered lymphocytes. In plastic counting tubes 2 x 106 filtered or unfiltered cells (85% lymphocytes) were incubated at 25°C for 45 min in 0.4 ml medium 199 containing 1 mg bovine serum albumin and either 14 to 130 jug/ml Con-A-'I or 2-32 ,g/ml E-PHA-181I. Con-A-l"I incubations were performed in duplicate sets with and without 0.2 M a-methyl-D-glucose. Cells were harvested as described by washing twice with 5 ml 0.9% NaCl-0.01 M NaHCO3. After appropriate corrections for nonspecific binding to the plastic tubes, the data were plotted by the method of Steck and XVallach (14) according to the equation:
where M = concentration free mitogen (,ug/ml); n = number of mitogen binding sites per cells; and C = number of cells. K is the affinity constant of the mitogen. *, filtered cells; 0, unfiltered cells. herent cells are damaged by the manipulations necessary to remove them from the nylon.
Since the unfiltered cell population consists of 60-95% lymphocytes, we questioned whether the enhanced responsiveness to Con-A might reflect the activity of a "helper" cell. To test this possibility the following experiment was devised. Varying percentages of unfiltered cells were mixed with the filtered cells and incubations with Con-A were carried out as usual. If a helper cell were lacking in the filtered population, then the addition of the unfiltered fraction containing helper cells should restore full or nearly full activity. The data in Table III indicate that this did not occur, and we conclude therefore that the responsiveness of unfiltered lymphocytes to Con-A does not depend upon the presence of a helper cell.
In summary, when peripheral blood lymphocytes are passed through a nylon column, a subpopulation of lymphocytes highly responsive to -Con-A adheres to the fibers and is removed while a second subpopulation of cells relatively unresponsive to Con-A passes through and emerges from the column.
Binding studies with Con-A-"'3I. We next sought to determine if the difference in Con-A responsiveness of these two lymphocyte populations could reflect differences in the relative abilities of the cells to bind Con-A to surface receptors. Binding studies were performed by incubating filtered and unfiltered lymphocytes for 45 min -with varying concentrations of Con-A-l11I in the presence and absence of a-methyl glucose. After appropriate corrections had been made for nonspecific binding the data were plotted according to the method of Steck and Wallach (14) as shown in Fig. 2 . From the double reciprocal plot (Fig. 2 b) it was possible to determine the apparent association constant, K, for Con-A binding to the cells as well as the number of binding sites per cell (see Fig. 2 cyte subpopulations with increasing concelntrations of Con-A. For these experiments decomplemented autologous serum was used since it has been shown that the toxicity associated with high concentrations of Con-A is mnediated by complenment (18) . At concentrationis greater than approximately 75 jug/ml however. Con-A forms precipitates with various serum components which appears to limit the maximum effective concentration.
Representative concentration curves for filtered and unfiltered cells in decomplemented serum are shown in Fig.  3 . In this experiment the concentration of Con-A required to achieve half-maximal stimulation of DNA synthesis was 14-fold greater for the filtered cells compared to the unfiltered cells (20 ug/ml vs. 1.4 jsg/ml). Although the filtered subpopulation responded poorly to Con-A at low mitogen concentrations, the maximal rate of DNA synthesis achieved at very high Con-A concentrations by this cell population approached that of the unfiltered cells. The absolute concentrations of Con-A required to achieve half-maximal DNA stimulation varied considerably from experiment to experiment, but in all instances the unfiltered cells responded to lower concentrations of Con-A than the filtered cells (Table IV) . Also shown in Table IV is an estimate of the amount of Con-A bound to the lymphocytes whe-n half-maximal stimulation of DNA synthesis is achieved. These data were obtained by interpolation of the values of Con-A concentration required for half-maximal DNA synthesis onto the Con-A-`tI binding curve (Fig. 2) .
Stimulation with more than one mitogen. In an attempt to determine whether Con-A and E-PHA stimulated the same or different lymphocytes, we incubate(d unfiltered and filtered cells with both mitogens for 72 hr. As shown in Table V , the two mitogens together produced no additive effect. In the experiment with the unfiltered cells, slight inhibition was observed when both mitogens were present compared to the use of either mitogen alone. A similar finding has been reported by Mdller, who noted an antagonistic effect when two noinspecific mitogens were added in optimal concentrations to lymphocyte cultures (20) . Therefore it seems likely that the lymphocytes which respond to Con-A also respond to E-PHA. However, there may be lymphocytes which respond to E-PHA but not to Con-A.
Studies of lymphocytes from chronic lymphocytic leukemia patients. Peripheral blood lymphocytes from nine patients with chronic lymphocytic leukemia (CLL) were tested for their adherence to nylon fibers and for responsiveness to E-PHA and Con-A. Results of studies of the adherence of normal and CLL lymphocytes to nylon fibers are given in Fig. 3 for the results in experiment 1. t These data were caleulated by interpolation of the values for Con-A concentration at half-maximal DNA synthesis onto the Con-A-l31I binding curve (Fig. 2) Con-A and E-PHA 68,000 51,000
* The incorporation of thymidine-3H into DNA was determined in cultures of filtered and unfiltered cells stimulated by Con-A alone, E-PHA alone, or both Con-A and E-PHA together. Concentrations used were Con-A, 12.5 ;g/ml and E-PHA, 15 jug/ml. Methods used were described previously I Cells were evaluated in wet mounts with supravital staining. 500 cells were counted in each case.
cells than in the filtered cells while the comparable figure for E-PHA was 1.3±0.2.
DISCUSSION
These data demonstrate that human peripheral blood contains two subpopulations of lymphocytes which differ in their responsiveness to the plant mitogen Con-A. These subpopulations are readily separated from one another since the more responsive cells adhere to nylon fibers while the poorly responsive cells do not. Although the cell surface properties which lead to nylon adherence are not known, the fact that these two lymphocyte subpopulations differed in this property suggested that their cell surfaces were different. And since the initial step in lymphocyte activation by the plant mitogens involves binding of the molecules to glycoprotein receptors on the cell surface (4, 5, 11, (21) (22) (23) (24) (25) (26) , it seemed reasonable that these two lymphocyte populations might differ in their ability to bind Con-A, thus explaining the difference in their responsiveness to this mitogen. This hypothesis proved to be the case as the Con-A-'31I binding studies (Fig. 2) revealed that the unfiltered lymphocytes contain approximately three times as many Con-A receptor sites as the filtered cells although both cell types bind the mitogen with the same affinity. In contrast, the unfiltered cells bound only slightly more E-PHA than did the filtered cells, indicating a selective difference in the surface properties of the two lymphocyte populations. The results of the binding studies correlate well with the finding that the difference in DNA responsiveness between the two populations is much greater with Con-A than with E-PHA. An essential question raised by these studies is what is the relationship between Con-A binding to the cell surface receptors and the subsequent stimulation of DNA synthesis ?
As shown in Fig. 3 , the filtered lymphocytes are capable of responding adequately to Con-A when the cells are incubated with high concentrations of the mitogen in the presence of preheated serum in which the complement-dependent cytotoxicity of Con-A is avoided. In fact at very high Con-A concentrations the response of the filtered cells approaches that of the unfiltered cells. This observation indicates that the filtered cells possess the necessary cellular machinery to mount an adequate mitogenic response and points to the relative paucity of surface receptors as the critical feature in their failure to respond to lower concentrations of Con-A.2
These relationships can be better appreciated by examining the data in Table IV lymphocytes were incubated for 72 or 120 hr with 12.5 Aug/ml Con-A or 15 ,ug/ml E-PHA. The tiptake of thymidine-3H into DNA was determined as described.
fold more sensitive to the mitogenic effect of Con-A than the filtered lymphocytes. When these values are interpolated onto the Con-A-"'I binding curve (Fig. 2) , an important relationship emerges. That is both cell populations bind approximately the same amount of Con-A when they are exposed to the mitogen at the concentration which induces half-maximal DNA synthesis (Table   IV) . These data suggest that a critical number of receptor sites must be occupied in order to elicit cell activation. However, it takes a higher concentration of Con-A to saturate the requisite number of receptor sites on the filtered cells. The reason for this difference is best appreciated by examining the binding reaction as a function of Con-A concentration. It is assumed that the binding of Con-A to the cell surface receptors is a reversible reaction following the law of mass action. The reaction can be written ki Con-A + R = Con-A R, k2
where R = nC and n= number of receptors per cell while C = concentration of cells. Since the filtered cells have a lower density of receptors (i.e., a lower n) than the unfiltered cells, a higher concentration of Con-A will be necessary to achieve the same number of complexed receptor sites (Con-A R) when equal numbers of both cell populations are tested.
We cannot determine from the binding curves whether
Con-A, a bivalent molecule (27) Since numerous sophisticated techniques have been applied to the fractionation of lymphocytes in lower animals, functionally distinct subpopulations are well recognized. In the mouse, thymus-dependent (T) and thymusindependent (B) cell populations are recognized (reviewed in reference 28), the former characterized by the presence of a unique surface marker, the theta antigen (29, 30) , and the latter by detectable surface-bound immunoglobulins (16, 31) , and receptors for antigen-antibody-complement complexes (32, 33) .
Although the same functional heterogeneity of lymphocytes is presumed to obtain in man, fractionation of human lymphoid cells into identifiable subpopulations has proved difficult. When the CLL lymphocytes were passed over the nylon columns, the Con-A-stimulated DNA synthesis was only 3.1-fold greater in the unfiltered cells than in the filtered cells compared to a 6.5-fold difference when lymphocytes from normal individuals were tested. Yet if all the peripheral blood lymphocytes in the patients with CLL were truly monoclonal, one might expect that the response to Con-A w ould be unaffected by nylon 3 Eisen, S. A., H. J. Wedner, and C. W. Parker. 1973. Isolation of pure human peripheral blood T-lymphocytes using nylon wool columns. Immntinol. Commun. In press. column filtration. One possible explanation is that a certain percentage of the peripheral blood lymphocytes in our CLL patients were normal lymphocytes and that these normal cells accounted for the differential Con-A effect on DNA synthesis. Another possibility is that the great majority of the CLL lymphocytes are really monoclonal but that heterogeneity exists in the surface properties of the cells, resulting in variable adherence to nylon fibers and in responsiveness to Con-A. Either of these possibilities could explain why only 75% of the lymphocytes adhered to the nylon columns when 100% adherence would be expected of a true monoclonal population. Further experiments will be required to resolve this point.
